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The advent of outer-space technology and the launching of the first 
artificial Earth satellite in 1957 heralded unprecedented oppor- 
tunities to scan and study the Earth’s atmosphere, oceans and land 
masses in a co-ordinated and precise fashion. 


Meteorologists were quick to realize the tremendous potential of 
this development in their own field and with the launching of the first 
meteorological satellite in 1960, the concept of the present World 
Weather Watch, a global system of weather services for all nations 
of the world, became a reality. Today, such satellite data are at the 
finger tips of meteorologists of all nations and are used in both 
operational and research work. Oceanographers and hydrologists, 
too, are reaping considerable benefits from the fund of information 
being made available by these new space devices. It would not be an 
exaggeration to say that the observations from meteorological 
satellites — both polar-orbiting and geostationary — were also .key 
elements in the success of the recent WMO-ICSU Global Weather 
Experiment (1978-1979), one of the biggest international scientific 
experiments in history. 


The World Meteorological Organization, spurred by the firm belief 
that atmospheric and oceanic data obtained from space are fast 
becoming the basis of extended-range weather forecasts for the 
entire globe, has given high priority to space-based obser- 
vational systems. It was a manifestation of this policy whén the 
Executive Committee of the Organization decided that “Observing 
the Weather from Space”’ should be the theme for World Meteoro- 
logical Day 1982, bearing in mind that the United Nations Con- 
ference on the Exploration and -Peaceful Uses of Outer Space 
(UNISPACE-82) would also be held during that year. 


This present booklet has been prepared to celebrate both of these 
events. It provides a broad review of how satellites are currently 
being used to advance knowledge in the geophysical sciences and 
particularly in meteorology, oceanography and hydrology. At the 
same time it considers the future and the promise it holds for further 
advancement. I hope that the text, with its many photographs ‘and 
illustrations, will provide not only meteorologists, oceanographers 
and hydrologists but also scientists of other disciplines and the 
general public with an increased awareness of the importance of 
meteorological satellites and their technology. 


A.C. Wiin-Nielsen 
Secretary-General 


Foreword 





Introduction 


Meteorology, oceanography and hydrology can be described as 
observational sciences. In meteorology, for example, accurate and 
comprehensive observations of the atmosphere at different times 
are fundamental to studies that further our knowledge and under- 
standing of the way the atmosphere works. They are equally 
important in weather forecasting and in other specialized areas of 
meteorology. Good observations thus play a key role in the quality 
of services that meteorology can provide for the community and the 
same is true of oceanography and hydrology. 


Despite the widely acknowledged importance of observations, the 
global coverage of conventional, surface-based meteorological 
observations has always been very uneven. It is adequate in some 
areas — mainly well-populated parts of the northern hemisphere — 
but grossly inadequate in others. These include the more remote 
parts of the continents and substantial areas of the oceans (which, 
altogether, cover about three-quarters of the Earth’s surface), 
especially in the southern hemisphere. 


When the first artificial Earth satellite was launched in 1957, 
meteorologists were quick to appreciate the tremendous potential of 
the satellite as a vehicle from which the weather could be observed 
on a truly world-wide basis. Only three years later, on 1 April 1960, 
the first meteorological satellite, TIROS-1, was launched. It 
marked the beginning of a new era in meteorology. 


Much has been achieved since then and nowadays meteorologists 
all over the world are able to take advantage of a wealth of 
observational data flowing almost unceasingly from specially 
equipped and highly sophisticated satellites. Similar benefits are 
enjoyed by oceanographers and hydrologists as well; they share 
many common interests with meteorologists but in addition to 
making use of what are first and foremost meteorological data, they 
are assisted in their work by various satellite instruments developed 
specifically to meet their needs. 


Several factors make satellite data unique compared with data from 
other sources, and it is worth noting a few of the most important: 


— Because of its high vantage point and broad field of view, a 
satellite can provide a regular supply of data from those areas of 
the globe yielding very few conventional observations. This 
ability to fill in the gaps between conventional observations over 
oceans and sparsely populated land areas is a major contribution 
of satellites to improved weather forecasting; 


— The atmosphere is broadly scanned from satellite altitude and 
enables large-scale weather systems to be seen in a Single view. 
This is a big advantage over a situation in which the character of 
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a large-scale system has to be determined by piecing together 
evidence provided by a number (and often an inadequate 
number) of separate ground-based observations; 


— The ability of certain satellites to view a major portion of the 
atmosphere continually from space makes them particularly 
well-suited for the monitoring and warning of short-lived storms; 


— The advanced communications systems developed as an integral 
part of satellite technology permit the rapid transmission of data 
from the satellite, or their relay from automatic stations on Earth 
and in the atmosphere, to operational users. Such data are 
sometimes available hours before anything comparable from 
other sources and, as weather information is a highly perishable 
commodity, their value to the user is considerably enhanced. 


The first picture of a tropical cyclone taken by a satellite. It was taken over the South 
Pacific, about 1 600 km east of Brisbane, in April 1960 








A view from the Japanese Geostationary Meteorological Satellite (GMS). Two 
typhoons can be seen in the upper half of the picture 


The emphasis in what follows is on the usefulness of satellites in 
meteorology, oceanography and hydrology — the information they 
provide and the way it is used. It is helpful, as well as being of 
general interest, to know at an early stage something of the 
techniques used to obtain the information and of the actual satellites 
employed. These topics are therefore included, together with a 
review of satellite capabilities, prior to the main discussion of 
satellite products and their applications. They constitute, in effect, 
an extended introduction to the main theme. 





Basic satellite capabilities and techniques 


Expressed very simply, meteorological satellites have three basic 
capabilities — they can ‘look’, ‘listen’ and ‘talk’. Put a little more 
scientifically, they can use various kinds of sensor to monitor 
conditions in the atmosphere and on the Earth’s surface, they can 
receive data sent to them from sensors elsewhere, and they can 
transmit whatever information or data they have acquired to users 
on the ground. 


The first of these capabilities is probably the most widely known, 
for the impressive and beautiful pictures obtained from satellites 
have been given much attention and publicity in recent years. In 
some countries, they are regularly featured in television weather 
presentations, besides appearing from time to time in a wide variety 
of magazines, books and educational material. Over the years, 
various types of equipment have been used to obtain the pictures (or 
images, as they are generally known in meteorology). Much use 
has been made of vidicon systems or television cameras of different 
kinds but most present-day satellites use a radiometer. 


As its name implies, a radiometer is essentially a device for 
measuring amounts of radiation which, for present purposes, can be 
thought of as light (visible radiation) or heat (thermal radiation). 
The construction of an image-producing radiometer on a satellite is 
such that ata given momentit receives and measures radiation from 
just one small part of the full area for which the image is required. By 
means of a scanning mechanism, however, it is able to view large 
numbers of these tiny elements in rapid succession, making a 
measurement of the amount of radiation received from each. A 
picture is produced at the receiving station on the ground by more or 
less the reverse process. Radiation values received from the 
satellite are converted to brightness levels and displayed in their 
correct relative positions on a suitable photographic or electronic 
display device. A television screen is a good example of the latter. 


Images of current operational interest and use to meteorologists, 
oceanographers and hydrologists fall chiefly into two broad cate- 
gories usually termed ‘visible’ and ‘infra-red’. The ‘visible’ images 
are obtained by measuring only visible radiation (light) and 
excluding thermal radiation (heat). They depict the scene much as it 
would appear to the human eye, except that it is in black and white 
rather than colour. As a satellite in space looks down towards the 
Earth, the light it receives is actually sunlight reflected from the 
various features beneath it, and those features which appear 
brightest in a visible image are those reflecting the sunlight towards 
the spacecraft most strongly. They will generally include any 
clouds present and may also include, among others, snow-covered 
land, ice, and desert. Once daylight has gone, visible pictures can 
normally no longer be obtained, although bright moonlight provides 
sufficient illumination for the most sensitive radiometers to detect. 
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Two METEOSAT images 
taken at the same time, in 
the visible (a) and in the 
infra-red (b). The relatively 
hot land surfaces appear on 
(b) very dark while at the 
other end of the temperature 
range the cold, high clouds 
are almost white 


(b) 











The ‘infra-red’ images are derived from thermal radiation, or 
radiation in the form of heat, emitted by (as distinct from reflected 
by) the objects towards which the radiometer is pointing. Strange 
though it may seem, even objects which in everyday speech would 
be described as ‘cold’ rather than ‘hot’ emit this thermal radiation 
though in different amounts — in general terms, the hotter the object, 
the more thermal radiation it emits. An infra-red image is essen- 
tially, therefore, a representation of temperature. Normal practice in 
meteorology is to arrange the grey shades in the image so that the 
greater the amount of radiation emitted by an object, the darker it 
appears. Thus, cold cloud tops appear nearly white, while heated 
land surfaces at much higher temperatures appear as dark shades of 
grey or even black. Infra-red images are extremely useful in many 
ways, some of which will be discussed later on. One of their major 
advantages can be appreciated immediately; in contrast with visible 
images they do not need sunlight to illuminate the scene and so 
can be obtained at night and at high latitudes in winter. 


Less familiar than satellite pictures, but of great value to meteoro- 
logists, are the measurements of temperature at different heights in 
the atmosphere obtained from what are called ‘sounding’ instru- 
ments. Derivation of these vertical temperature profiles, to give 
them their usual name, and of corresponding profiles of moisture 
content, is a complex task based on measurements of the thermal 
radiation emitted by the atmosphere itself. In the past it has been 
more difficult to obtain satisfactory results in cloudy regions (which 
are often where the weather is of greatest interest) than areas where 
skies are clear but the development of new techniques measuring, 
additionally, the microwave radiation emitted by.the atmosphere 
has gone a long way towards removing this difficulty. (This 
microwave radiation can also be used to produce images of rain and 
the Earth’s surface, but generally with less detail than measure- 
ments in the visible and infra-red portions of the spectrum.) Most 
sounding instruments on satellites have a scanning mechanism like 
that used for images, so that soundings also can be obtained over 
quite a large area of the Earth within a short time. 


Techniques described so far all make use of natural radiation. The 
application of artificial radiation is well known in radar, whereby 
microwaves are generated, and similar techniques are being used 
increasingly in remote sensing. One specific area in which these 
techniques are proving very valuable is the determination from a 
satellite of the characteristics of the ocean surface. In essence, 
microwaves are transmitted downwards from the satellite and, to a 
greater or lesser extent, reflected back by the ocean surface. From 
careful comparison between the strength and properties of the 
outgoing and return signals it is possible to obtain data relating to 
surface roughness, wave height, wind speed in the lowest layer of 
the atmosphere, the extent of pack ice, and certain other para- 
meters. One advantage of microwave technology when making obser- 
vations from space is that microwaves come close to providing an 
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‘all-weather’ capability — they are able to penetrate many clouds 
which completely block other forms of radiation. 


Moving on to consider briefly the capability of meteorological 
satellites to ‘listen’, we come to data collection. This is not 
something exclusive to satellites but it is nevertheless a capability 
proving particularly worthwhile in meteorology and related sub- 
jects. 


A satellite equipped with a data-collection facility can receive data 
from environmental sensors (measuring instruments) for relay to a 
central ground reception station, and thence onward transmission 
to the meteorological community in general or to specified users. 
The sensors from which the data originate are part of instrument 
packages called data-collection platforms (DCPs) which can be 
fixed or mobile virtually anywhere on land, at sea or in the 
atmosphere. The technology used allows several thousand DCPs to 
be supported by a single satellite. 


Closely associated with data collection is ‘platform location’. 
Following a mention of data-collection platforms, this phrase is 
probably self-explanatory. Mobile platforms which cannot supply 
their own position information — e.g. free-floating balloons carrying 
meteorological sensors — can be accurately located by the satellite, 
thus allowing optimum use to be made of their data. 


The third primary capability of environmental satellites — being 
able to ‘talk’ — is first and foremost the means by which data 
available on board the satellite, either from its own instruments or 
from DCPs, can be sent back to Earth for use as appropriate. It is 
perhaps worth making the point here that this is not merely a matter 
of relaying a few sets of numbers but may involve handling millions 
of pieces of information in numerical form every second. It is not 
only observational data that have to be relayed: in order to monitor, 
and if necessary modify, the performance of the spacecraft, the 
control centre needs to be supplied with comprehensive data on the 
status and performance of all the systems on board. — 


Most satellites have at least two distinct transmission channels, 
often in different frequency bands, which carry different sets of data 
or, alternatively, data at different transmission rates. One of the 
benefits of the second scheme is that there are options regarding the 
complexity, and hence cost, of the ground equipment for receiving 
imagery. It is possible to have either a fairly basic station which will 
receive images adequate for many practical purposes but lacking 
the full detail and quality of the original data, or a much more 
elaborate facility (perhaps incorporating a computer), which can 
receive high-speed digital transmissions of the maximum detail and 
quality available. 


1] 


The satellites themselves 


Meteorological satellites are generally divided into two groups, General 
according to their type of orbit, being described as either polar- characteristics 
orbiting or geostationary. 


The polar orbiters are at an altitude typically between 800 km and 
1 000 km and they pass near both North and South Poles in the 
course of a single orbit, that is to say their orbit is roughly at right 
angles to the equatorial plane of the Earth. They take about 
105 minutes to circle the Earth and because of the Earth’s rotation, 
each orbit crosses the Equator about 25° of longitude farther west 
than the previous one. With instruments that are able to scan from 
side to side, a particular location on the Earth can be viewed at least 
twice every 24 hours; once when the satellite is travelling roughly 
from north to south and again when it is travelling from south to 
north. The possibility of viewing the specified location more than 
twice in 24 hours arises from the fact that many instruments view 
sufficiently far to the side of the satellite track for there to be an 
overlap on consecutive orbits. This occurs particularly at high 
latitudes, where consecutive orbits come much closer together than 
near the Equator. 


Solar cells on the satellite convert energy from the Sun to electrical 
power for use by the instruments and equipment on board. Batteries 
are used to store some of the power generated so that the satellite 
can continue to operate fully during those periods — approximately 
one third of each orbit — when it is in the Earth’s shadow and the 
solar cells cannot function. Another item normally carried on polar- 
orbiting satellites is a tape recorder. The satellite is within view of 
its main ground station for only a short time during an orbit and may 
be out of view altogether for several orbits. If this station is to 
recover the global coverage of observations made during these 
periods, data must be recorded to await a suitable opportunity for 
transmission. 


A geostationary satellite (sometimes called a geosynchronous 
satellite) remains stationary relative to the Earth and so always 
views the same area of the Earth’s surface. This is achieved by 
putting it into orbit above the Equator at a height such that it takes 
precisely 24 hours to complete one orbit and so matches exactly the 
rotation rate of the Earth. The necessary height is very nearly 
36 000 km (approximately 23 000 miles) — many times greater than 
the heights at which polar-orbiting satellites operate. From its high 
vantage point a single geostationary spacecraft can view a circular 
area representing more than one quarter of the Earth’s surface, 
although towards the edges of the area the view becomes too 
oblique to be useful. 


Unlike the polar orbiters, the geostationary satellites are so far from 
the Earth that they are in direct sunlight for over 99 per cent of the 
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Current 
operational 
polar-orbiting 
satellites 


The TIROS-N satellite — 


principal components 


time. Consequently, they have little need for battery capacity to 
store the output from their solar cells. They do, however, have brief 
periods in the Earth’s shadow each day around the two equinoxes 
(21 March and 21 September) each year, when the Sun is directly 
above the Equator. The problem of being often out of sight of the 
controlling ground station does not arise in the case of geostationary 
satellites, so normal operations do not require a data-recording 
facility on board. 


The characteristics of polar and geostationary orbits offer different 
advantages to the meteorologist so the two types of satellite 
complement each other. In particular, a polar-orbiting satellite can 
provide complete global coverage every 12 hours while a geo- 
stationary satellite, although never achieving global coverage, 
can monitor a substantial part of the Earth’s surface almost contin- 
uously. 


There are two series of satellites in this category, the TIROS-N 
series and the METEOR-? series which are operated by the U.S.A. 
and the U.S.S.R., respectively. 


TIROS-N is the third generation of operational polar-orbiting 
satellites from the U.S.A. The first of the series was launched on 
13 October 1978; the programme was declared fully operational on 
16 July 1979 (following the launch of the second satellite) and it is 
planned to be continued into the 1990s. There are normally two 
spacecraft operating together, travelling in orbits approximately at 
right angles to each other. In this way, they pass alternately across 
any part of the Earth’s surface at intervals of between five and eight 
hours. Their heights are about 850 km above the Earth and each 
orbit takes about 101 minutes, so that in the course of 24 hours they 
complete over 14 orbits. The orbits are said to be ‘sun-synchro- 
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nous’, which means that they cross the Equator at the same local 
time (solar time) on each orbit, thus ensuring consistent illumina- 
tion for visible imagery from day to day. Every spacecraft is 
designed to have an operational life of at least two years and 
replacements are launched at suitable intervals to maintain the twin 
system. 


Four primary instrument packages are carried: one provides visible 
and infra-red pictures of cloud cover (or, in the absence of clouds, 
the Earth’s surface); one is an atmospheric sounder; another 
monitors solar activity; and the fourth is for data collection and 
platform location. Picture resolution, i.e. the size of the distinct 
elements of which it is composed, is slightly more than 1 km. It is 
interesting to note that the TIROS-N series has a somewhat 
international character with part of the sounding package (the 
Stratospheric Sounding Unit), which provides data for levels high 
in the atmosphere, being provided by the United Kingdom and 
the package for data collection and platform location (named 
ARGOS) being provided by France. 


Data are relayed to ground stations via three separate direct 
broadcasts. One of them, the Automatic Picture Transmission 
(APT) service, transmits medium-resolution (4 km) images con- 
tinuously as they are acquired by the satellite. They appear as an 
ever-extending strip whose width represents a distance of about 
2 600 km, and the picture ends when the spacecraft disappears 
below the horizon of the receiving station. Equipment needed for 
reception of this particular broadcast is relatively simple and 
inexpensive, enabling many sections of the meteorological com- 
munity with only modest resources to enjoy the benefits of direct 
reception of images of their own region. In addition to profession- 
ally equipped and operated stations, many schools, colleges and 
radio amateurs have been able to build their own APT-reception 
equipment. 


The U.S.S.R. METEOR-2 satellites, of the METEOR-2 im- 
proved operational meteorological satellite system, were first 
brought into operation in the mid-1970s. They followed an earlier 
METEOR series and will continue until at least 1985, with one or 
two satellites being launched each year throughout that time. Their 
primary task is the acquisition of visible and infra-red images, 
although world-wide temperature soundings are being made on an 
experimental basis. Like the TIROS-N series, they carry an APT 
facility which broadcasts reduced-resolution images. Orbital height 
is 900 km and the time taken to complete one orbit is about 
102 minutes. Images are obtained from three different instruments 
on each spacecraft: a radiometer is used for the infra-red; there is 
television-type scanaing equipment for the high-resolution visible, 
and the APT service relays images from a device called a scanning 
telephotometer. 
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Reception of the Automatic Picture Transmission(APT) from a polar-orbiting satellite. 
Simultaneous infra-red (on the left) and visible images are displayed on the facsimile 
recorder 
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The METEOR-2 polar- 
orbiting satellite — external 
appearance 
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Geostationary meteorological satellites are operated by the Current 
U.S.A., Japan and the European Space Agency (ESA). They have operational 
much in common and there is a good deal of collaboration between geostationary 
the operators. Working through an international group called the catellites 
Co-ordination of Geostationary Meteorological Satellites 

(CGMS), the operators have achieved a compatibility between 

data-collection systems and, to a lesser extent, between data- 

dissemination services. The former ensures that transmissions from 

a mobile DCP (for instance, one on board an aircraft), will be 

received without interruption as it passes from one spacecraft 

coverage area to another. The satellites all provide two direct 

broadcast services, one of which - WEFAX (Weather Facsi- 

mile) — has characteristics similar to the APT transmissions of 

polar-orbiting satellites. By adding just one or two extra pieces of 

equipment, an APT station can be modified to receive WEFAX as 

well. 
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Schematic illustration showing how the Earth is viewed from a polar-orbiting satellite 
and from a geostationary satellite 
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The U.S.A. satellites are known as Geostationary Operational 
Environmental Satellites (GOES). The two main ones are located 
at 75°W and 135°W and are known simply as GOES-East and 
GOES-West respectively. GOES-East monitors the weather over 
the eastern half of North America, all of Central and South 
America and much of the Atlantic, while GOES-West monitors 
western North America and a substantial part of the eastern 
Pacific. They both provide frequent visible and infra-red images of 
the whole of the areas (or discs) viewed. The normal interval 
between images is 30 minutes but this can be reduced to as little as 
three minutes if coverage is restricted to a small part of the disc. 
This mode of operation is used to make detailed observations of a 
weather feature that is rapidly changing or developing. Environ- 
mental data can be collected from as many as 10 000 DCPs every 
six hours. The two most recently launched GOES spacecraft carry 
experimental instrumentation for making atmospheric soundings of 
both temperature and humidity and are the first geostationary 
satellites to have this capability. First results have been extremely 
encouraging but operational soundings are not expected to become 
available for some time, particulary since soundings and images 
cannot yet be obtained simultaneously. A Space Environment 
Monitor on each GOES includes sensors for measuring solar 
activity and magnetic field. 


The European satellite is named METEOSAT. It is located above 
the Equator on the prime meridian from where it can observe the 
whole continent of Africa, much of Europe and the Atlantic and 
part of South America. The first in the series, METEOSAT-1, was 
launched in November 1977 and METEOSAT-2 in June 1981. 
Primary missions are imaging, data collection and dissemination, 
and services broadly similar to those of GOES are provided. The 
imagery available includes, in addition to the usual visible and 
infra-red, what are called ‘water-vapour images’. These depict the 
average humidity in the part of the atmosphere between about 5 km 
and 10 km above the Earth’s surface. Moist areas appear in the 
pictures as relatively light shades and dry areas as very dark. The 
tops of some of the highest clouds can also be seen, showing up as 
intense white patches. Water-vapour images often reveal quite 
dramatically the broad, sweeping character of major features of the 
global atmospheric circulation which cannot be observed directly 
by any other technique. 
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Japan’s Geostationary Meteorological Satellite (GMS) (also 
called Himawari) is located at 140° E and views a large part of 
eastern Asia, the whole of Australasia and a vast area of the western 
Pacific. The original spacecraft was launched in July 1977 and its 
replacement, GMS-2, in August 1981. The principal meteorolo- 
gical payload is again a radiometer for high-quality images and like 
GOES (but not METEOSAT), there is instrumentation for 
monitoring solar activity and the space environment. Routine full- 
disc images are produced every three hours but special observations 
may be made at intermediate times for research purposes or when, 
for example, a severe storm or typhoon is under surveillance. 



































































































































The METEOSAT “‘water-vapour”’ image corresponding to the visible and infra-red 
images on page 9. It shows the distribution of water vapour in the upper atmosphere: 
dry areas appear dark and moist areas relatively light, with the tops of the highest 
clouds (particularly in the tropics) showing up as white patches 
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This section would be incomplete without mentioning two geosta- 
tionary spacecraft, GOMS and INSAT, which are expected to be 
launched soon: 


— GOMS (Geostationary Operational Meteorological Satellite) is 
to be placed at 70°E by the U.S.S.R. Television-type scanning 
equipment will be used for pictures in the visible band of the 
spectrum and there will also be infra-red scanning equipment. 
Data-collection arrangements will be compatible with those of 
the spacecraft already described and as well as dissemination of 
images and data from DCPs, GOMS will be used to disseminate 
meteorological charts; 


— INSAT (the Indian National Satellite), planned for launch in the 
first half of 1982, will be a multi-purpose geostationary satellite 
intended to provide services for telecommunications as well as 
meteorology. It will be at 74°E, not far from GOMS, and will 
provide visible and infra-red images at 30-minute intervals, 
together with data-collection facilities for as many as 400 DCPs. 


Meteorologists, oceanographers and hydrologists all over the world 
are engaged in substantial research efforts for which they are 
making great use of many kinds of satellite data. It would be wrong, 
however, to form the impression that this research uses only data 
from ‘research’ satellites. The wealth of data from the operational 
satellites already described is being put to very good use in 
numerous research projects and is contributing towards an im- 
proved understanding of, and a solution to, many of the central 
problems of these sciences. 


The satellites which are referred to as ‘research’ satellites have 
generally two principal objectives, which may well be interrelated. 
Firstly, by means of some or all of the instrumentation on board, 
they are intended to assist in the solution of a fundamental research 
problem, for example by measuring some property of the high 
atmosphere which has not been measured before. Secondly, and 
probably rather more frequently, they provide opportunities for the 
development of instruments and techniques of potential operational 
interest. 


The NIMBUS programme of polar-orbiting research satellites 
operated by the U.S.A. embodies both these objectives, though the 
emphasis throughout has been on developing space systems for 
providing data of importance to improved weather forecasting. 
NIMBUS satellites have provided a test-b« 4 for the development of 
various instruments and sensors which are now in regular opera- 
tional use. There have been seven satellites in the series, from 
NIMBUS-1, launched in 1964, to NIMBUS-7, launched in 
October 1978. Each has carried a different and successively more 
complex payload, from the comparatively simple television 
cameras first used for satellite imagery to the sophisticated 
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temperature-sounding instruments being flown today. The pro- 
gramme has achieved a number of significant milestones in satellite 
meteorology: NIMBUS-1 provided the first night-time cloud 
pictures and NIMBUS-3 the first determination by satellite of 
vertical temperature profiles on a global basis; NIMBUS-7 carried 
no fewer than eight different instruments for studying sea-surface 
roughness, soil-moisture, snow and ice cover, sea-surface colour, 
clouds and surface temperature, as well as a number of other 
physical properties of the atmosphere too complicated to consider 
here. 


Within its METEOR programme, the operational part of which has 
been described earlier, the U.S.S.R. has included several satellites 
devoted entirely to experimental studies and evaluations. Instru- 
ments have included television-type scanning equipment giving 
especially high-resolution (600-m) visible imagery, as well as 
specialized radiometers and other instruments for precision radia- 
tion measurements. 


A recent research satellite which represented an exciting step 
forward in the application of satellites to environmental sciences 
was the U.S.A. satellite SEASAT-A, or ocean dynamics satellite. 
Its particular significance was that its instrument payload was 
concerned primarily with measurements of the ocean surface using 
microwave techniques. SEASAT was launched into a polar orbit 
approximately 850 km high, on 26 June 1978. Unfortunately, its 
life was not as long as had been hoped, for it suffered a major power 
failure on 10 October in the same year. However, during its time in 
orbit, more than 90 days of data were collected from its microwave 
instruments, giving the data-analysis teams plenty to work on to 
establish accuracies, capabilities and limitations. 


All the instrument sensors on SEASAT were evolved from 
predecessors which had been flown succesfully on spacecraft or 
aircraft. They included a radar altimeter, to measure average wave 
height and sea-surface topography; a device called a scatterometer 
for determining wind speed and direction at the sea surface; radar to 
observe wave patterns and ice distribution; and a microwave 
radiometer to measure sea-surface temperature. SEASAT was 
described as a ‘proof-of-concept’ mission. Evaluations of its 
achievements and the quality of its observations have clearly 
demonstrated the feasibility and potential usefulness of a satellite 
dedicated to ocean purposes. 


A brief mention of the U.S.A. LANDSAT is appropriate here 
because of its use in hydrology and certain aspects of oceano- 
graphy, especially in coastal zones. LANDSAT is an Earth- 
resources satellite designed to supply extremely high-resolution 
images of the Earth’s surface; the resolution is normally either 80 or 
40 m but in some circumstances, features only 10 m wide can be 
detected. LANDSAT-3, the most recent of the series, was 
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| launched in March 1978. It is in a polar orbit and on each pass 
- scans a strip of the Earth’s surface only 185 km wide, much less 
| than any of the other polar orbiters that have been described. 18 
| days are therefore required for complete global coverage, making it 
unsuitable for most meteorological applications. One of its main 
| imaging instruments is called a multispectral scanner. (“Multispec- 
- tral’ means that simultaneous images are obtained in different parts 
| of the visible spectrum (different colour ranges).) By comparing 
and contrasting these images much can be learned about the nature 
| of the land surface. An improved version of LANDSAT is planned 
| for lauch during the last half of 1982. A device somewhat similar to 
| LANDSAT?’s multispectral scanner has been flown on some of the 
F U.S.S.R. METEOR experimental satellites and France is devel- 
' oping the SPOT satellite for launch in 1984, which will provide 
| images with 20-m and 10-m resolution, and limited stereo capa- 
bility. 


Satellite imagery and its applications 


The first stage in the preparation of a weather forecast involves Weather 
building up a full description of existing weather conditions over analysis 

and around the area for which the forecast is required. If anything and forecasting 
important is left out there is a real risk that the forecast will be 
seriously wrong, however well the other stages of the task may be 
performed. Precisely what is important and how much detail is 
required will depend very much upon the nature of the forecast, but 
whether it is for the local area in two hours time or a much larger 
area several days ahead, the basic principle remains the same: the 
more complete and accurate the initial analysis, the greater.the 
expectation of an accurate forecast. 
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It is in providing information for this first stage that satellite pictures 
make their biggest contribution to the forecasting process. The 
areas of the world are few, if any, where satellites cannot add to the 
knowledge of weather conditions provided by conventional surface- 
based observations, and in some regions satellites are virtually the 
only source of information regularly available to forecasters. 




















Satellite images being used in a forecast office as an aid in the analysis of 
meteorological charts 


Everyone who has seen a picture from a meteorological satellite 
knows that it contains information about clouds — their distribution, 
and extent, their alignment or grouping and sometimes their 
structure and texture as well. This may be useful in itself, but to an 
experienced meteorologist it provides clues to other, and often more 
fundamental, aspects of the weather situation. From cloud patterns, 
deductions can be made about the location and intensity of major 
weather systems like depressions and their associated frontal 
systems of middle latitudes, or the vigorous cyclones which occur in 
the tropics. Relatively small-scale features like squall lines and 
thunderstorms also have distinctive appearances, and from cloud 
patterns inferences can be drawn about the vertical motions of the 
air, which can be as important, meteorologically, as the more 
familiar horizontal motions, and the turbulent motions of the air 
near high ground. 
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Sequences of images covering the same area yield valuable 
supplementary information. In addition to locating features it 
becomes possible to observe their movements, and their growth or 
decay. It is in this context that geostationary satellites are so useful; 
images from the same area at regular intervals, in most cases every 
30 minutes, enable the evolution of weather systems on many 
scales to be seen, and reveal trends which can often be usefully 
extrapolated for forecast purposes. Many operational users have 
some kind of animation or ‘rapid replay’ facility, such as a film loop, 
for displaying sequences of geostationary images and it is their 
experience that, especially with small-scale features, the technique 
frequently shows interesting and important developments which are 
otherwise apt to pass unnoticed. 


There are other means available to facilitate the use and interpreta- 
tion of images, not just in forecasting but in other applications too. 
One is enhancement, in which the different grey tones of an image 
| are systematically adjusted to make a particular feature clearer, or 
| to bring out additional information. High-quality images contain 
many more gradations of brightness (or grey shades) than the 16 or 
so that the human eye can distinguish, so without enhancement 
some of the fine detail in the images is never seen. The simplest form 
of enhancement involves a ‘stretching’ of the grey scale by 
exaggerating the difference between two grey shades that look very 
| similar, so that the intermediate shades of grey stand out. For 
maximum flexibility, some users operate systems displaying 
images on a television screen, either singly or in animated sequence 
with enhancements which can be varied at the touch of a button and 
arange of other facilities such as enlargement of a chosen area, all of 
which are designed to derive the maximum from the images. These 
systems are usually described as interactive systems. 


Visible and infra-red images make their own distinctive contribu- 
tions to weather analysis and forecasting. The visible images are 
particularly useful for showing up, through the shadows and 
highlights that are present, the texture of the clouds. They also give 
an indication of cloud thickness (in general, the brighter the clouds 
appear, the thicker they are) and of cloud composition (under 
similar conditions of illumination, water clouds usually appear 
brighter than ice clouds of the same thickness). As previously 
mentioned, the special advantages of infra-red images are that they 
can be obtained at night as well as by day and that the shades of grey 
are indicators of temperature. Relative cloud-top temperatures and 
hence relative cloud heights can be seen at a glance so infra-red 
images allow the analyst to distinguish between high and low clouds 
which might look almost identical on the corresponding visible 
image. Fog is effectively a layer of cloud at ground level and, 
provided that there is no other cloud above it, will normally show as 
a quite bright area on the visible image but be barely distinguishable 
on the infra-red because its temperature will not be very different 
from that of the surrounding fog-free land or sea. 
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A striking picture of hurri- 
cane Allen over the Gulf of 
Mexico in August 1980, as 
seen by one of the GOES 
satellites 


The use of satellite imagery in tropical-cyclone analysis and 
forecasting is a particularly important application which deserves 
more than a passing mention. The fury of a well-developed tropical 
cyclone and the damage, destruction and loss of life which it can 
cause are all well known, and meteorologists have devoted a lot of 
effort to improving the accuracy of tropical-cyclone forecasts and 
advisory bulletins. Effective use of satellite imagery has undoubt- 
edly helped achieve significant improvements; there have been 
various occasions in recent years when it has been possible to 
reduce loss of life considerably, or even prevent it altogether, by 
issuing accurate and timely forecasts. Nevertheless, it has to be 
acknowledged that the 100 per cent success level has not yet been 
reached, and work to improve our knowledge and understanding 
must continue. 













































































Imagery from geostationary satellites is preferred to that from polar 
orbiters in tropical-cyclone forecasting, largely because it is helpful 
to be able to view the cyclone from the same relative vantage point 
over an extended period of time. The eye of the cyclone can often be 
seen quite plainly on the high-resolution images, enabling the 
forecaster to pin-point its location to an accuracy rarely possible 
from surface observations alone. Determination of the storm 
intensity (usually quoted as the maximum sustained wind speed, or 
minimum sea-level pressure) from the images is more difficult. 
However, elaborate techniques have been developed to estimate it 
from the details of shape and visual characteristics of the associated 
cloud system as it appears in both visible and infra-red images. 
Cloud-top temperatures derived from the latter are also utilized. 
These various parameters and their recent trends are inserted into 
idealized ‘models’ of tropical cyclone behaviour to arrive at 
forecast values for a specified time ahead. Methods have also been 
developed to use satellite imagery to decide whether a relatively 
weak tropical disturbance is likely to intensify later in its life to 
reach tropical cyclone intensity. 


There are a number of phenomena not yet mentioned which can be 
identified in satellite imagery and which are of particular interest in 
forecasting for specialized classes of user. When forecasting for 
aviation, for instance, the images are often used to determine the 
location of jet-streams and turbulence. Jet-streams are the belts of 
strong winds, of limited vertical extent but often hundreds of 
kilometres in length, which occur at heights frequently used by 
aircraft and can have a significant effect on the duration of their 
flights and their total fuel consumption. The line of strongest winds 
(the jet-core) is generally shown by characteristic cloud patterns. 
Turbulence, too, is indicated by distinctive cloud forms, from which 
an experienced aviation meteorologist can make an estimate of its 
severity. It hardly needs to be said that satellite imagery is widely 
used as an aid in the weather briefing of aircrew, being especially 
valuable for those long-haul routes where other meteorological 
observations are scarce. Crews have sometimes to be reminded, 
however, that the imagery is not a forecast and that changes may 
occur quite quickly along some parts of their route. 
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For those concerned with forecasts for marine interests, satellite 
images can be used to provide information about sea-surface 
temperatures, (which will be considered more fully later on), the 
extent of sea ice and, on occasion, the roughness of the sea surface 
and hence the surface wind. An area of smooth sea with no cloud 
above it will act as a mirror when sunlight falls on it, and if the 
viewing angle of the satellite radiometer is right the area will appear 
as a bright patch on a visible image. This patch is called sunglint. 
Since the roughness of the sea is determined to a large extent by the 
wind blowing over it, sunglint implies very light winds. 


A high-resolution image from the NOAA-6 spacecraft of the TIROS-N series taken 
shortly after the eruption of Mount St. Helens in the north-west of the U.S.A., which 
occurred on 18 May 1980. The volcanic ash cloud has already spread to Yakima and 
beyond 














An image from the GOES- West satellite taken approximately 24 hours after the one on 
the preceding page. Mount St. Helens is towards the top left-hand corner of the picture, 
and the ash cloud appears as a diffuse white area extending towards the east and the 


south-east { 


Other phenomena observed in the images and of use in forecasting 
include blowing dust and sand. Particles carried by the wind form a 
‘cloud’ with ill-defined edges which causes landmarks such as 
coastlines to appear indistinct on the visible images and in some 
cases to be totally obscured. Dust clouds originating from a 
volcanic eruption appear similarly and are readily monitored on the 
images as they move away from their source and gradually disperse. 
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The operators of the GOES, GMS and METEOSAT geosta- 
tionary satellites all use imagery to make regular determinations of 
the winds at different levels in the atmosphere. The basis of the 
method is very simple; identifiable cloud features are tracked from 
one image to the next and, on the assumption that they move with 
the wind, their displacements can be converted to wind speed and 
direction. Unfortunately, this assumption is not always true. For 
instance, development or decay of clouds may give the illusion of 
motion, or clouds associated with mountains may remain more or 
less stationary while a strong wind blows through them. All the 
methods used, therefore, must exclude, as far as possible, any 
clouds not moving with the wind. 


Accurate measurement of the rather small change in geographical 
position of clouds in the 30-minute interval between successive 
images requires high stability in the method of scanning the Earth’s 
disc. This is achieved by spinning the satellite (and radiometer) at 
about 100 r.p.m. so that it acts as a gyroscope. Positions of 
prominent features of cloud-free coastlines on successive images 
are carefully compared to provide corrections for any apparent 
movements of cloud that are not real but caused by slight variations 
in the orbit or orientation of the spin axis of the spacecraft. 


For the resulting winds to be useful in meteorological analysis and 
forecasting they need to be assigned to a height in the atmosphere. 
Here again there are some difficulties but the main technique used 
involves determining the temperature of the top of the cloud feature 
which has been tracked (from information in the infra-red image) 
and converting it to a height above the Earth’s surface. 


Though simple in concept, the full process by which the winds and 
their heights are calculated involves a large amount of computation, 
and demands the use of a fast computer system to do the job within 
an acceptable period of time. In order to meet the demands of 
operational users, winds are normally derived twice daily and are 
issued within about four hours of the time of the first images used. 
The total number of winds produced in this way varies considerably 
from one occasion to the next, depending very much on the 
meteorological situation and cloud distribution each time. If there 
are no clouds present, no winds can be obtained! However, about 
4000 winds are generally produced altogether (i.e. from the four 
satellites) every day. They are made available internationally via 
the meteorological Global Telecommunication System and used in 
many analysis and forecast centres of the world to help define the 
upper flow patterns in the atmosphere. 
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Plot of winds derived from successive positions of selected high clouds on a sequence of 
3 METEOSAT infra-red images. (On the chart, the arrows fly with the wind and the 
barbs at the end of the shaft indicate the wind speed.) Inset is one of the images used, 

and it can be seen that the main areas of wind data correspond with areas of high 


(white) clouds 
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METEOSAT image data 
displayed on a TV screen 
during processing to derive 
cloud-top heights (on left) 
and sea-surface tempera- 
tures (on right) from the 
same image 
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Of other quantitative products derived routinely through the 
numerical processing of image data the most important is probably 
sea-surface temperature, although the list includes cloud-top 
heights, amounts of cloud cover, upper-air humidities and some 
specialized products relating to incoming and outgoing radiation in 
the atmosphere. 


Sea-surface temperatures are of great importance in both meteoro- 
logy and oceanography. Concentrating for a moment on the former, 
heat transfer between the oceans and the air above plays a key role 
in the large-scale dynamics of the atmosphere and is very dependent 
on the temperature of the surface. Also, the sea temperature exerts 
an important influence on the weather in coastal regions and islands 
as well as over the sea itself. 


It will be recalled that infra-red images represent a very large 
number of radiation measurements, each from a very small part of 
the picture, which are related to the temperature of the object(s) 
emitting the radiation. While the radiometer on board a satellite is 
viewing the sea surface, the thermal radiation received should thus 
indicate directly the sea-surface temperature. This is almost, but 
not quite, true. Unfortunately, the atmosphere is not perfectly 
transparent to this thermal radiation and absorbs some of it on its 
way to the satellite, so a small correction has to be applied. The 
presence of clouds is a complicating factor and steps have to be 
taken to eliminate their effects. Like the winds, sea-surface 
temperatures for operational use are usually calculated automati- 
cally by computer. 








| Image data from both polar-orbiting and geostationary satellites are 
- used in the production of sea-surface temperatures. Because of the 
' generally higher resolution of their infra-red images and their lower 
* altitude, polar orbiters are particularly well-suited to the task but 
| results from geostationary satellites are nevertheless quite accep- 
- table. Accuracies achieved are generally quoted as being within 1 
or 2°C of the true value, though it is often surprisingly difficult to 
' decide exactly what the true value is. There are two main reasons 
| for this: firstly, a direct measurement with a thermometer is very 
localized compared with a remote one from a satellite, which is an 
fF average value over an area at least one kilometre square and often 
much larger; secondly, the thermometer indicates a temperature 
' representative of the surface layer of the water perhaps up to one 
| metre deep, while the satellite radiometer gives what is best 
+ described as a ‘skin’ temperature of the water, a truly surface 
measurement which at times can be rather different. Similar types 
' of difficulty arise quite frequently when measurements from 
|. gatellite-borne instrumentation are being assessed by comparison 
with conventional observations. 


| Satellite images and image data are nowadays used by meteoro- 
| logists in so many different ways that it would be difficult, perhaps 
| impossible, to list them all. Much ingenuity in analysis and 
| application of the data is being shown in many countries, and with 
- the widespread enthusiasm and determination that exist to extract 

as much benefit from the data as possible, there is little doubt that 
the number and range of applications will continue to grow. The 
| following paragraphs describe just a selection from those not 
| mentioned previously: 


(a) Rainfall estimation and forecasting 

Although visible and infra-red images provide a great deal of 
information about clouds, they do not show directly where it is 
raining. As rainfall is so important, various groups of workers 
have devised ways of delineating rain areas on the images and 
furthermore estimating the amounts of rainfall occurring. There 
have been two main lines of approach, one designed primarily 
for routine, continuous application and the other for application 
in selected situations, notably those in which severe local 
storms occur: 


(i) In the first approach, cloud data (based on cloud type and 
amount) are related to actual measurements of rainfall on 
the ground, typically over 12-hour periods. The relation- 
ship can then be applied to similar cloud data in the absence 
of conventional measurements to infer the likely rainfall 
amounts. Rainfall estimates derived this way are supplied 
regularly to various international agencies for use in 
connexion with agricultural and hydrological projects in 
developing countries, and also as a means of alerting them 
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An area of severe storms over the U.S.A., as seen on standard infra-red image (above) 
and on the same image after computer enhancement, which shows up the detailed 
gradations in the data(below). Temperature values (corresponding to the different grey 
levels (i.e. to different cloud-top temperatures) have been indicated 





to potential floods or droughts requiring emergency relief 
action; 

(ii) The second approach utilizes relationships between image 
brightness and rainfall. One of the most successful methods 
extracts cloud-top temperatures from enhanced infra-red 
images and uses them in conjunction with details of the rate 
of growth of the clouds and their general appearance to 
produce rainfall estimates. The underlying idea is that the 
higher (and colder) the cloud top, the heavier the rain. 
Geostationary satellite images at 30-minute and some- 
times shorter intervals are used, and with various refine- 
ments the method is now capable of giving, quite quickly, a 
remarkably good estimate of rainfall in the vicinity of a 
storm. 


Image data are also being used in various projects developing 
methods for short-period (up to about 6 hours) forecasting of 
rainfall. The basic tool employed is radar, which can provide 
direct observations of rainfall intensity and rain areas but only 
within a limited range. By merging geostationary-satellite data 
with radar data, it is possible in effect to extend the range over 
which observations of rainfall can be made, and thus to extend 
the area and period of time for which accurate forecasts of 
rainfall are possible; 





| (b) Monitoring low temperatures for agriculture 

‘ Agriculture, a notably weather-sensitive industry and a major 
customer of meteorological services the world over, is benefit- 
ting from certain specialized applications of image data as well 
as from the more general advances in meteorology that are 
attributable to satellites. Infra-red imagery is being succesfully 
used in some parts of the U.S.A. and elsewhere to monitor 
excessively low surface temperatures and to observe the spread 
of frost conditions across areas remote from normal tempera- 
ture observations. A specific example of this concerns the 
citrus-fruit industry in Florida, U.S.A. Using half-hourly 
GOES infra-red image data the progress of frost conditions is 
observed, so that growers can be provided with timely and 
accurate temperature forecasts. They are thus given the best 
possible meteorological advice on the need to take expensive 
precautions to prevent frost damage to the crop and are able to 
minimize occasions when money is spent on precautions 
unnecessarily; 


| (c) Hazard monitoring and environmental warning services 

Many weather conditions constitute environmental hazards in 
the sense that they pose a threat to some aspect of human 
activity and safety, or to property. Two examples have already 
been discussed — tropical cyclones and severe local storms — 
where very heavy rain and, in the case of cyclones, high winds 
are the basic hazards. Others include tornadoes, hailstorms and 


heavy snowfall. In extreme circumstances they are all liable to 
lead to major disasters, with significant loss of life or damage to 
property, or both. There are many more environmental hazards 
which, though not strictly meteorological themselves, are 
closely linked with weather conditions. Examples include the 
spread of airborne dust and debris from a volcanic eruption 
(where wind is a major factor) and breeding of the desert locust 
(in which rainfall plays an important role). 


Satellite imagery will not show them all directly but in each case 
the pictures will normally provide information about likely 
occurrence, location and development, and assistance for those 
who have to make judgements about possible consequences. It 
has often been demonstrated that early awareness of a potential 
hazard, facilitating the issue of prompt and positive warnings, 
can do much to minimize its effect on the community. Hazard 
monitoring along these lines operates routinely in some parts of 
the world and progressive expansion to other areas, particularly 
those under surveillance by geostationary satellite, can be 
expected; 


(d) Climatology 
Climatology is very much a ‘growth area’ in the application of 
imagery. The energy that drives the circulations of the atmos- 
phere and oceans comes originally from the Sun, and to 
understand the main characteristics of those circulations, 
which in turn determine the climate, it is necessary to know as 
much as possible about what happens to radiation from the Sun 
as it passes through the Earth’s atmosphere, how much of it 
reaches the Earth’s surface, how much energy is re-radiated 
from the Earth-atmosphere system to space, and so on. Clouds 
play a very important role in these processes, for instance in 
preventing some of the Sun’s radiation reaching the surface and 
reflecting a proportion of it back to space. Climatologists find 
satellite images invaluable in this context; they use them to 
determine the amount of cloud cover on a global as well as a 
regional scale, and to see how it varies on different time-scales. 
But this is by no means the only information of interest they 
derive from the imagery. From visible images, much can be 
learned about the amount of solar energy reflected from 
different types of land, sea and cloud surface, while infra-red 
images provide quantitative data about energy in the form of 
thermal radiation being lost to space from the Earth and the 
atmosphere. All these measurements, together with measure- 
ments from more specialized satellite instruments, are helping 
climatologists to construct a detailed specification of what they 
call the ‘radiation budget’ of the Earth, which will be a big step 
towards a better understanding of climate and climatic change. 
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Sea-surface temperatures, derived from infra-red image data inthe Applications in 
way already described, have wide applications in oceanography oceanography 
and marine activities as well as meteorology. They are importantin and hydrology 
studies of ocean circulations and energy exchange between ocean 

and atmosphere, and serve as indicators of the heat reserves of the 

water, so playing a part in the forecasting of ice conditions. From 

sea-surface temperature gradients as revealed by satellite imagery, 

locations of ocean-surface currents and regions of upwelling water 

can be detected. Upwelling is not just of academic interest; it is 

important in the fishing industry because the colder water from 

below the surface is often relatively rich in nutrients and, therefore, 

conducive to the growth of the fish population. Some other features 

of the sea-surface temperature patterns like warm and cold eddies 

are also quite important to fishermen. Oceanic eddies are not 

necessarily minor, short-lived features — they can measure hun- 

dreds of kilometres in diameter and persist for several months. 

Among regular marine users of satellite sea-surface temperature 

data there are, as well as commercial fishermen, many environ- 

mental organizations, marine biologists, recreational sailors, 

search-and-rescue units and shipping interests. 

















Ice floes and bergs along the 
east coast of Greenland as 
seen by TIROS-N. Some 
intricate cloud patterns have 
formed over the sea 






































































































































































































































































































































Ice conditions in the Sakhalin region of the Sea of Okhotsk in February 1981 as seen by 
METEOR-PRIRODA 
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Another major application of imagery in oceanography is con- 
cerned with direct observation of ice. Polar orbiters play a more 
important role here than the geostationary satellites, partly, of 
course, because ice is predominantly a phenomenon of high 
latitudes which are either near the limits or beyond the view of the 
latter. Changes in the character and position of ice are relatively 
slow so there is little advantage in the higher frequency of 
observations that geostationary satellites would provide. As long as 
there is no cloud, high-resolution imagery will give an experienced 
analyst much detailed information about ice conditions. A typical 
image may show the position of the main ice edge, the development 
of leads or navigable passageways within the ice, individual ice 
floes and large individual bergs. It may be possible to estimate the 
age of the ice, to locate boundaries between ice bodies of differing 
| concentrations, and to recognize ice which is beginning to thaw. 
- Visible imagery generally provides the most dramatic pictures of ice 
but to extract the maximum amount of information, visible and 
infra-red images are used together. A good knowledge of ice 
conditions is of real benefit in ship routeing (to establish optimum 
safe routes), the fishing industry, offshore exploration and drilling 
and in certain types of surveying activities. Ice data are also 
relevant to studies of climate and its seasonal and longer-term 
variability. 


| The interests of hydrologists partially overlap those of oceano- 
| graphers, at least as far as ice is concerned. In hydrology, visible 
| imagery is used to monitor ice conditions on many lakes, reservoirs 
| and rivers and is proving a valuable aid in predicting dates of 
opening or closure of navigable waterways affected by ice. Some 
| countries also make regular use of imagery to monitor the extent of 
| glaciers and their movement. 


Satellite techniques of snow mapping are gradually replacing other 
| methods such as aerial surveys, and in many instances are proving 
cheaper and more accurate. As in ice monitoring, persistent cloud 
| cover can be a problem but if skies are clear, high-resolution 
| imagery will locate the snow line and yield an accurate estimate of 
the total area covered by snow in a river basin or catchment area. 
| Snow-cover data are utilized, with others, in forecasts of water 
| supply and discharge, and have application in operations such‘as 
| irrigation-system management and hydroelectric power scheduling. 
| Measurements of snow depth are also required in some of these 
| applications. They cannot be obtained satisfactorily from satellite 
imagery alone but the brightness of snow cover in the imagery can 
generally be translated into acceptable estimates of snow depth if a 
| few ground observations are available as well. 
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Other hydrological applications include a number related directly 
to surface water and drainage patterns — measurement of areas 
covered by open water, flood mapping and monitoring, location of 
flood hazard areas and in some instances estimation of water depth. 
Sediment and pollution in lakes can be observed in images from a 
multispectral scanner. Most types of pollution are injected into 
lakes at a temperature different from that of the main body of lake- 
water and so can usually be detected on infra-red imagery too. 


A GOES picture of the central U.S.A. during a spell of severe winter weather in January 
1977. Over much of the picture, there is no cloud and the light tones represent snow- 
covered ground. Images like this enabled analysts to determine not only the extent of 
snowfall but also ice conditions on the Great Lakes and several major rivers 
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Soil moisture is an important factor in river-level forecasting yet it 
has always been difficult to determine adequately over a sizeable 
area, except by making a large number of measurements at separate 
points. Satellite multispectral and infra-red imagery have contri- 
buted towards changing this situation but neither is entirely 
satisfactory for the purpose, especially when the soil surface is 
covered by crops or other vegetation, and good-quality measure- 
ments remain elusive. 


Rainfall measurements, of course, are of prime importance in 
hydrology but as they have been considered already in a meteoro- 
logical context they will not be discussed further here. 


Other satellite products and their applications 


Soundings 


An example of high-resolu- 
tion METEOR-PRIRODA 
imagery of use in hydrology. 
The prominent dark areas 
are reservoirs of the Volga- 
Kama system shown in June 
1980 at the maximum 
extent of reservoir storage 


Temperature and humidity soundings, which describe how these 
parameters vary with height in the atmosphere, are essential basic 
data in weather forecasting. Without them it is almost impossible to 
give an adequate three-dimensional description of the state of the 
atmosphere. Changes in its vertical structure can occur quite 
quickly, so sounding data are really needed at least twice daily over 
most parts of the world. For many years they have been obtained 
from radiosondes; these are lightweight instrument packages incor- 
porating sensors to measure temperature, humidity and pressure, 
which are carried aloft by balloons and send their data back to Earth 
by means of a small radio transmitter. The main deficiency in this 
scheme has been the very uneven distribution of radiosonde 
stations around the world and the dearth of information over the 
oceans. 


The first experimental soundings from satellites were made from 
NIMBUS spacecraft in the late 1960s and early 1970s. A much 
more elaborate and sophisticated sounding system is in full 
operational use on all spacecraft in the TIROS-N series, and 
soundings are also being provided experimentally by some of the 
METEOR series. For various reasons polar-orbiting satellites 
have until now been regarded as more useful platforms for this type 
of measurement than geostationary satellites, but experimental 
soundings from the latter (on GOES-4 and -5) began towards the 
end of 1980. 


Satellite soundings are obtained using a radiometer which samples 
the thermal and microwave radiation of various wavelengths 
passing upwards from the atmosphere into space. These invisible 
forms of radiation are characterized by different wavelengths just as 
sunlight is composed of light of different colours and wavelengths. 
In some respects the method is not unlike that used to obtain images 
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but there is an essential difference. Images are produced using 
radiation to which the atmosphere is transparent, so that clouds and 
surface features can be seen. Soundings, however, use wavelengths 
absorbed in varying degrees by the atmosphere, thus enabling 
different layers of the atmosphere to be studied by making 
measurements of radiation at different wavelengths. To proceed 
from such a set of measurements to a temperature sounding that can 
be used operationally is no easy task, and involves complicated 
calculations on a computer. 


If, as in the early days of the technique, measurements are confined 
to thermal infra-red radiation, severe difficulties arise when clouds 
are present. The radiation will not pass through them so they 
effectively block lower levels of the atmosphere from the view of the 
sounding instrument. Intricate schemes have been devised to 
overcome the problem but success has been limited. The trend 
nowadays is therefore to complement the infra-red radiometer with 
one that operates in the microwave part of the spectrum. Micro- 
waves can pass freely through most clouds and rain areas (except 
where rainfall is heavy) so soundings of acceptable quality are 
obtained regardless of cloud conditions. As far as quality in general 
is concerned, the satellite soundings cannot reproduce the fine 
detail in the vertical temperature structure detected by radiosondes 
but in other respects, the satellites and radiosondes give com- 
parable results. 
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First temperature sounding 
made from satellite (solid 
line) compared with corres- 
ponding sounding from 
conventional radiosonde 
(dashed line) 


Routine processing of data from the twin TIROS-N satellites yields 
approximately 10 000 soundings, distributed more or less evenly 
over the globe, every 24 hours. This figure is substantially greater 
than the number of radiosonde soundings made, yet it is only a 
proportion of the total number of soundings which could be 
produced if the full output of the sounding instruments were 
processed. 


The main application of all these soundings is in that branch of 
weather forecasting known as‘numerical weather prediction where- 
by a system of mathematical equations (generally called an 
atmospheric ‘model’) is used which describe the main physical and 
dynamical processes that occur in the atmosphere. Ifthe initial state 
of the atmosphere can be detailed (in terms of winds, temperatures, 
etc.), the equations can be processed in a computer to determine, 
step-by-step, its state at some later time, perhaps after 24 or 48 
hours have elapsed. The model can thus be used to produce 
forecasts of the winds and temperatures at a chosen time in the 
future. 


The numerical models in use today have been developed to a high 
degree of sophistication. In some cases they cover the whole globe 
and can produce forecasts many days ahead. The accuracy of the 
forecasts, however, still depends very much on the correct specifi- 
cation of initial conditions. Sounding data from satellites have 
become an integral part of the total data input, and so make an 
important contribution to the quality of forecasts used by so many 
sections of the community. 


To avoid any misunderstanding it must be plainly stated that 
soundings are not the only satellite products used alongside 
conventional observations in numerical models. Winds and sea- 
surface temperatures are used quite extensively, and certain other 
quantitative products such as the upper-level humidities provided 
by METEOSAT observations may be included at times. 


Soundings of temperature and humidity can be just as valuable in 
the study and forecasting of some of the smaller-scale systems in the 
atmosphere, like areas of thunderstorms, as in global models and 
studies of major weather systems. The experimental sounding 
facility on board GOES-4 and GOES-S is being used primarily for 
this purpose. It can obtain soundings with horizontal separation of 
30 km or less and over an area limited in size but sufficient to 
include a large thunderstorm system and it can repeat the observa- 
tions every few minutes. Such a capability has not existed before. It 
will take time to evaluate it properly but there is every hope that in 
due course it will become a valuable tool in forecasting the 
development of severe storms and other weather phenomena that 
are rather localized in character. 
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Remote sensing of the ocean surface using satellites has been the Measurements 
subject of considerable attention in the last few years, stimulatedno of the ocean 
doubt by increasing acceptance of the view that the oceans guyrface 
constitute a vast natural resource on which man will become 

progressively dependent in the years to come. Microwave technol- 

ogy is in the forefront of this work and, as the SEASAT mission 

demonstrated, it can be applied to improve the safety, efficiency 

and effectiveness of a wide range of marine activities. Included 

among them are marine transportation, offshore exploration and 

extraction, and coastal protection and development. 


Winds at the sea surface can be determined from a satellite with a 
microwave instrument called a scatterometer; this measures the 
tiny ripples which are created on the water surface by the action of 
the wind and superimposed on the waves and swell. Scatterometer 
wind measurements are not quite the same as conventional wind 
measurements because they represent average winds over areas 
that might be 50 km square and also because the wind directions 
cannot yet be uniquely determined. It is generally necessary to 
know beforehand approximately what the wind direction is, in order 
to interpret the scatterometer data correctly. Nevertheless, results 
from the SEASAT experiment suggest that scatterometer winds 
available regularly over ocean areas devoid of other data would be 
of considerable operational value and economic benefit. 


Measurements of average wave height can be made to a high degree 
of accuracy by a radar altimeter on board a polar-orbiting satellite. 
This type of instrument can observe only a fairly narrow strip of 
ocean surface immediately beneath the spacecraft. Successive 
strips are separated by about 2 000 km at mid-latitudes and this 
fragmentary coverage restricts the operational usefulness of the 
observations. However, the altimeter has another function — to 
measure the topography of the ocean surface. Slight variations in 
the height of the ocean surface may be associated with the contours 
of the sea bed, ocean currents, storm surges or tidal effects. A 
satellite-borne altimeter measuring very accurately the vertical 
distance from spacecraft to ocean surface can thus provide oceano- 
graphers with useful data about these features and phenomena. 
From two examples of SEASAT measurements, the warm Gulf 
Stream current off the eastern seabord of North America was 
identified by a surface slope slightly greater than 1 min 25 km, and 
the Puerto Rico Trench, a major valley in the sea bed, was shown by 
a 15-m depression in the ocean surface over a distance of about 
850 km. 
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A stretch of coastline in 
north-east France as seen by 
the radar (synthetic aper- 
ture radar) on SEASAT. 
The larger patterns on the 
sea surface reveal the 
presence of sandbanks be- 
neath the water 





The radar system on SEASAT - its technical name was Synthetic 
Aperture Radar — was able to provide very high resolution pictures 
of the ocean surface showing patterns of waves and ice in some 
detail. Some of the pictures contained so much detail that there was 
considerable debate about its correct interpretation but experts 
have been able to extract information about waves, swell, surface 
roughness, slicks (both natural and artificial), sandbanks, coastal 
interactions and the character and age of ice. 


Another instrument that monitors the sea surface, the Coastal Zone 
Colour Scanner on NIMBUS-7, yields data on the salinity, 
sediment distribution and chlorophyll concentration of the water. 
The last quantity, through sounding rather obscure, is important to 
those interested in the ecology of the oceans as an indicator of the 
amount of plankton in the water and may have practical application 
to the fishing industry. 
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Data collection and relay 


The value of satellites in meteorology and allied subjects is greatly 
enhanced by their data-collection capability. Every day a large 
volume of environmental observations is acquired by data-collec- 
tion platforms all over the world and is quickly relayed to users via 
the satellites. In some cases, the data could probably travel by 
alternative, although generally slower, routes but in others they 
would never reach their destination in time to be used operationally. 


A DCP is simply an automatic measuring device with a radio 
transmitter to provide contact with the satellite. Sizes and shapes of 
DCPs vary a good deal but generally, apart from the small antenna 
that is necessary, their dimensions are no more than those of an 
average-sized suitcase and their weight no more than about 20 kg. 
There are three basic types of platform; self-timed, interrogated 
and alert. A fourth type, random-access, is being added for use with 
the GOES satellites. 


The self-timed version makes and transmits its observations at 
fixed, pre-determined times. Transmission does not necessarily 
occur each time an observation is made. If, for example, observa- 
tions are made every 10 minutes they might be stored initially and 
transmitted in batches of six every hour. Interrogated platforms are 
so called because they measure and transmit only on receipt of a 
command sent via the satellite from the controlling ground station. 
Alert platforms make frequent observations but only transmit when 
a pre-determined threshold is exceeded, for instance when a river 
level exceeds some particular value. The random-access platforms 
make frequent observations and transmissions without the preci- 
sion timing that is a feature of self-timed systems. In each case, the 
data received at the satellite ground station are passed immediately 
to the platform operators or, with their agreement, to other users. 


Before any DCP can be brought into operation it has to undergo 
stringent certification tests and formal admission procedures. The 
certification tests are to demonstrate that the platform will function 
satisfactorily within the total system and, very importantly, that its 
radio set will not cause interference to other users, even under 
extreme conditions. The admission procedures relate largely to the 
details of day-to-day operation, such as allocation of an identifying 
address and radio reporting frequency, and arranging for data 
handling and distribution. 


Data-collection facilities are carried by both geostationary and 
polar-orbiting satellites. Because the former can maintain continu- 
ous contact with all platforms in their coverage area and together, 
through the CGMS arrangements referred to earlier, provide 
something approaching world-wide coverage, they support all the 
alert platforms and handle the bulk of the total DCP traffic. They do 
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not, however, have any platform-location capability like some of 
the polar orbiters. Any mobile DCP unable to specify its own 
position, as for example an ocean buoy that is drifting freely, must 
therefore operate through a suitably equipped polar-orbiting satel- 
lite. The ARGOS data-collection and platform-location package 
on the TIROS-N series spacecraft is intended for just this kind of 
application. It is able to locate platforms to an accuracy of one or 
two kilometres and to receive data from up to 200 platforms within 
instantaneous range and up to 4000 per day globally. If the 
platform is a free-floating buoy or balloon, its positions as 
established at intervals by the platform-location facility can be used 
to determine ocean currents or winds. 


A few examples of the different applications of DCPs may make it 
easier to appreciate their usefulness: 


(a) Standard meteorological observations 

A number of DCPs are installed at remote land sites and 
operate in conjunction with automatic weather stations, trans- 
mitting regular reports of atmospheric pressure, temperature, 
humidity, wind speed and direction and perhaps one or two 
other quantities as well. Most meteorological data from DCPs 
are made freely available to the international meteorological 
community via the Global Telecommunication System of the 
World Meteorological Organization for use in weather analysis 
and forecasting. The DCPs and their ancillary equipment can 
operate automatically and completely unattended for months at 
a time, even in harsh environments and are invaluable for 
providing regular information from locations which would be 
very difficult and very costly to man continuously; 


(b) Monitoring sea state 

Various authorities concerned with maritime operations use 
DCPs mounted on buoys moored at sea to furnish them with 
up-to-date information about sea conditions such as wave 
height and frequency and sea temperature. Some also transmit 
weather observations of the kind mentioned in the previous 
paragraph. The information about sea conditions can be used in 
preparing forecasts of sea state, accumulating statistics of the 
frequency of occurrence of different conditions, supporting 
fishing operations, fishery research and marine transportation 
and providing a basis for decisions on matters of environmental 
protection; 


(c) Aircraft to Satellite Data Relay (ASDAR) 
This is an example of the use of mobile DCPs. A few wide- 
bodied commercial aircraft operating on long-haul routes have 
been equipped with a specially designed DCP which extracts 
details of aircraft position, flight level, air temperature, wind 
direction and speed from the aircraft’s navigation system every 
7.5 minutes, stores them, and every hour transmits the last eight 
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reports. After re-transmission to the ground they are made 
freely available to all meteorological authorities concerned 
with forecasting for aviation. First trials of the system on a 
global basis during 1979 were most successful and it is likely 
that there will be a gradual increase in the number of aircraft 
carrying an ASDAR-type system over the next few years; 


(d) Hydrological monitoring 
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DCPs are used by water-management authorities in various 
countries to supply information on river levels, rate of flow of 
rivers, rainfall amounts, etc. Exact procedures vary but, in 
many instances, observations are forwarded to the satellite just 
once or twice a day. This frequency of reporting is adequate for 
most of the time but conditions sometimes change quickly, 
requiring a rapid reaction by the user. To cover this eventuality, 
the platforms also operate in alert mode and transmit an 
immediate warning message when a pre-set threshold is ex- 
ceeded. 


Satellites in WMO programmes 


Meteorology, hydrology and oceanography are subjects in which 
there is much to be gained by international co-operation, for the 
atmosphere and oceans are global systems which take no account of 
national boundaries. In the World Meteorological Organization, 
and through its various programmes and projects, experts of many 
nations work together for their mutual benefit and, more important- 
ly, for the ultimate benefit of the whole international community. 
Satellites figure prominently in many of the programmes but there is 
space here to mention only a small selection. 


The basic WMO programme, on which nearly all others depend, is 
called the World Weather Watch (WWW). Begun in 1968, it is a 
programme for progressive improvement of the global weather- 
observing network, and of the facilities for processing and dissemi- 
nating the observations. It seeks to make available to every WMO 
Member whatever information is required to provide the most 
efficient and effective Meteorological Service possible. Satellites 
actually provided part of the initial stimulus for WWW, for it was 
conceived in the early days of satellites in response to a resolution of 
the General Assembly of the United Nations calling for WMO to 
make maximum use of new technology to improve the basic 
knowledge of the atmosphere, and to use that knowledge for the 
benefit of people everywhere. 


In the subsequent years, satellites have played an ever-increasing 
role in World Weather Watch and are now the heart of the global 
observing system. The WWW plan is reviewed and updated 
periodically as new requirements arise and technology advances. 
The latest version calls for the permanent operation of two systems 
of polar-orbiting satellites and a minimum of five geostationary 
ones. The satellites are provided by a relatively small number of 
WMO Members but all the observations, both pictorial and 
quantitative, are routinely made available to all Members. 


Closely linked with WWW is the Global Atmospheric Research 
Programme (GARP), operated under the joint auspices of WMO 
and the International Council of Scientific Unions (ICSU). Many 
studies, both experimental and theoretical, have been undertaken 
within the framework of GARP, the most notable being the Global 
Weather Experiment aimed at answering certain fundamental 
questions relating to weather prediction and at defining the 
optimum observing systems needed to meet future requirements. 
The most ambitious part of the experiment was the 12-month 
‘observing phase’ (December 1978 to November 1979) with the 
most intensive and elaborate world-wide atmospheric observa- 
tional programme ever implemented. Its essential foundation was 
the World Weather Watch, but this was supplemented by a number 
of special systems and techniques, especially in what are generally 
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regarded as the data-sparse areas of the world as far as surface- 
based observations are concerned. 


All satellite operators made strenuous efforts to exploit the satellite 
capabilities to the full. The near-global coverage of five geosta- 
tionary satellites was achieved for the first time just before the 
intensive observing began, and the first of the TIROS-N polar 
orbiters was launched just in time to be used. Much attention was 
paid to monitoring the weather in the tropics where the geosta- 
tionary satellites made a very valuable contribution by providing an 
average of between 2 000 and 3 000 wind observations each day. 
Three of the systems developed specially for the experiment 
involved data collection by satellite. One was the ASDAR system, 
described earlier, which relayed meteorological data from com- 
mercial aircraft to ground stations via geostationary satellites. The 
other two —the Southern Hemisphere Drifting Buoy System and the 
Tropical Constant-Level Balloon System — used the ARGOS data- 
collection and platform-location facility on the TIROS-N satellites. 


Over 300 buoys provided by several nations were equipped as 
DCPs and deployed in the southern oceans where they drifted 
freely, measuring various basic meteorological quantities including 
atmospheric pressure. Their regular data transmissions were re- 
ceived and relayed by ARGOS, which also determined their 
positions. The system worked extremely well, enabling much to be 














The distribution of instru- 
mented drifting buoys over 
the Southern Oceans as at 
10 May 1979. The positions 
marked by a cross represent 
buoys which were dropped 
from aircraft during May 
1979 to improve the 
coverage 


learned about weather systems in the southern hemisphere and 
leading to an immediate improvement in numerical forecasts over 
many of its regions. The constant-level balloons were used as an 
additional source of high-level wind data in the tropics. After launch 
they rose to a height of about 14 km and then drifted with the wind. 
Each carried a small radio transmitter so it could be tracked by 
ARGOS, and from successive positions wind speed and direction 
were determined. Bearing in mind that these special applications 
were over and above the regular production of images and 
soundings, one can appreciate that the total contribution of 
satellites in the Global Weather Experiment was very substantial 
indeed. 


The latest major WMO programme is the World Climate Pro- 
gramme. It is extremely wide-ranging, embracing research into the 
mechanisms of climate, acquisition of climatic data of many kinds, 
application of the knowledge of climate and studies of its impact on 
human activities. Although WMO is taking the lead, many other 
international organizations are deeply involved. Detailed data 
requirements are still being formulated but there is no doubt that 
satellites again have a key role to play in amassing the vast amounts 
of meteorological, oceanographic and hydrological data that are 
envisaged. Their measurements of incoming radiation from the 
Sun, the radiation budget of the Earth, ice and snow cover, sea- 
surface temperature and cloud cover are among those most relevant 
to the very difficult, challenging problems of climate and climatic 
change. 


One group of programmes — the Applications Programmes — is 
concerned specifically with the application of meteorology in other 
fields and activities. These include agriculture, aviation, atmos- 
pheric and marine pollution, energy problems, urban and regional 
land-use planning, human settlements, engineering and building, 
and human health and welfare, to mention only the more important 
ones. Without going into details (although a few examples have 
been given in the preceding pages), satellite data are being put to 
good use in much that is being done. They are thus playing an 
important role in treating some of the important social and 
economic issues of the day as well as the purely scientific ones. 


WMO and the Intergovernmental Oceanographic Commission are 
working together on the development of an operational service 
programme to provide information on the state of the oceans. It is 
called IGOSS - the Integrated Global Ocean Services System. 
Monitoring the oceans from space is a part of the observational 
component of IGOSS which will undoubtedly grow in importance 
with time. WMO also has an Operational Hydrology Programme in 
which the increasing contribution from satellites is being put to good 
practical use in many parts of the world. 
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Last, but by no means least, there are programmes through which 

WMO helps the developing world. The key programme here is the 
Technical Co-operation Programme, and the main sources of 
funding are the United Nations Development Programme (UNDP) 
and voluntary contributions from WMO Members. Assistance 
with the satellite activities of developing countries has been given in 
various ways, including the supply and installation of satellite- 
reception facilities, training courses and seminars on the use and 
interpretation of satellite data, provision of study fellowships and 
limited-term appointments of visiting experts. Given greater re- 
sources, much more could be accomplished but without the above- 
mentioned assistance, fewer countries would be enjoying today the 
benefits of satellite technology. 


Average amounts of low cloud over a 5-day period (1-5 January 198 1), determined 
from images of the Japanese GMS satellite. Such charts are produced regularly every 5 
days: their main.applications are in climate studies 
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Future developments 


Remarkable progress has been made in satellite meteorology over 
the last twenty years. Whether it will be equally remarkable over 
the next twenty years remains to be seen but certain trends appear 
fairly clear. 


It is likely that a combination of polar-orbiting and geostationary 
satellites will be used for operational purposes for some time but the 
latter will assume even greater importance than hitherto. Weather 
services in the tropics and mid-latitude regions will become 
increasingly dependent on the data therefrom, and their role in 
support of environmental warning services, particularly those 
relating to the rapid onset of severe weather, will undoubtedly 
expand. Other types of orbit will be necessary for certain research 
and experimental satellites, especially in connexion with climate 
monitoring. 


Several countries have plans for satellites dedicated to oceanic 
observations and there are hopes that at least one will be in orbit 
before the end of the 1980s. These satellites will be used to provide 
oceanic and weather information to support economically impor- 
tant day-to-day operations at sea, to accumulate data for informed 
planning of the uses of the oceans, and for oceanographic research. 


Existing sensors and techniques will undergo progressive develop- 
ment, bringing corresponding improvements in data quality, and 
new ones will be introduced. Of the new sensors in the early stages 
of development is a laser device to determine winds throughout the 
atmosphere by observing the motion of dust particles and tiny water 
droplets in the air. Work is also in progress to establish the 
feasibility of a satellite-borne microwave device to measure atmos- 
pheric pressure at the Earth’s surface. Both devices could, if 
successful, make a big impact in weather forecasting. Many of the 
microwave techniques for sensing ocean- and land-surface charac- 
teristics will be implemented operationally. Stereographic tech- 
niques to determine cloud-top height, in which two adjacent 
geostationary satellites with closely synchronized scanning view 
the same cloud simultaneously and enable its height to be calcu- 
lated geometrically, may be brought into routine use. Data- 
collection systems will become more efficient and a steep rise in the 
number of data-collection platforms in operational use is foreseen. 


Satellite communications will be used more and more for the relay 
and dissemination of all types of operational meteorological 
information, so that delays are cut to a minimum and there is 
opportunity to make the information more widely available. 
Satellite-to-satellite data relays will be developed where appro- 
priate. For example, data from some of the polar-orbiting satellites 
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may be routinely relayed to Earth via geostationary satellites, 
speeding up the data flow and allowing development of common 
communication and data-processing systems. 


Little has been said in the preceding pages about data-processing 
systems but they are just as important as other components of the 
total satellite observing system. Satellites can generate enormous 
quantities of data in a short space of time and unless the data are 
quickly and efficiently processed to give the user what he wants in 
the form in which he wants it they are not being used to full 
advantage. The next few years will certainly see big strides forward 
in processing techniques, with much attention being given to 
advanced interactive systems in which automatic processing can be 
influenced at various stages by human judgement. New systems will 
be developed for the orderly and efficient storing of the ever- 
increasing amounts of data, so that they are readily available for 
whatever research purposes may arise. 


It would be wrong to conclude from all that has been said in this 
booklet that satellites will soon be able to provide all the observa- 
tional data that meteorologists and oceanographers will require. 
There are some quantities which satellites will probably never be 
able to measure satisfactorily. Satellite observations are beginning 
to supersede a few types of conventional observations and the trend 
will continue, but in the great majority of cases there will be a 
permanent requirement for both satellite and conventional observa- 
tions. 
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Meteorological satellite 
reception facilities at the 
Space Meteorological 
Centre, Lannion, France 





Satellite systems are unsurpassed as means of making global 
observations of the atmosphere and oceans. With their further 
development in the coming years they will not simply increase the 
rate at which we advance our basic knowledge of the planet on 
which we live, though this is important. They will, above all, make a 
growing and indispensable contribution to improvements in 
weather forecasts and all the other services which meteorologists, 
oceanographers and hydrologists together strive to provide for the 
ultimate benefit of the whole of mankind. 
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Some other WMO publications about satellites and their applications 


WMO-No. 333 


WMO-No. 411 


WMO-No. 413 


WMO-No. 473 


WMO-No. 494 


WMO-No. 531 


The use of satellite pictures in weather analysis 
and forecasting (Edited by R.K. Anderson and 
N.F. Veltishchev). 


Information on meteorological satellite program- 
mes operated by Members and organizations. 


Applications of satellite data to aeronautical 
meteorology (By F.G. Finger and R.M. MclIn- 
turff) (Out of print). 


The use of satellite imagery in tropical cyclone 
analysis. 


The role of satellites in WMO programmes in the 
1980s (By D.S. Johnson and I.P. Vetlov). 


Quantitative meteorological data from satellites 
(Edited by J.S. Winston). 


Secretariat of the World Meteorological Organization 


Geneva 1982 
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L'OMM est profondément reconnaissante 
& M. Arnold I. Johnson, du 
Meteorological Office du Royaume-Uni, 
d'avoir préparé la documentation contenue 


dans cette brochure 








4 
Oo 
— 
<= 
~ 
P— 
<x 
co 
[a= 
i—] 
—! 
<< 
oOo 
ao 
oe 
_ 
i— 
[- <j 
[om] 
uu 
— 
tu 
— 
[=] 
a_i 
[= = 
i—} 
= 


